An efficient procedure for cryopreservation of fish blastomeres followed by restoration through 20 germ-line chimera formation was established. Blastomeres of the loach (Misgurnus 21 anguillicaudatus) were cryopreserved in 250-µL straws in Eagle's minimum essential medium 22
(MEM) with various concentrations of dimethyl-sulfoxide (DMSO; 0, 5, 10, 15, and 20%), and 23 the best concentration was combined with glycerol (1, 2, and 4%) and external cryoprotectants (1 24 or 2% sucrose; 2, 5, or 10% fetal bovine serum; 1 or 2% bovine serum albumin). Post-thaw 25 viability of the blastomeres was used to optimize cryopreservation conditions. Donor 26 blastomeres were injected with zebrafish GFP-nos1 3'UTR mRNA and biotin dextran prior to 27 cryopreservation in the optimal freeze medium. Host embryos were injected with zebrafish 28 DsRed-nos1 3'UTR mRNA and reared to the blastula stage. Donor blastomeres were thawed at 29 25°C for 10 s and transplanted to the host embryos either immediately or after incubation for 16 30 h at 20°C. Donor and host primordial germ cell migration was visualized with fluorescent 31 imaging during the early stages of embryogenesis, and also by histology in 4-d-old embryos. 32
Transplantation of blastomeres immediately after thawing gave lower hatching rates (~3%) and 33 generated a low percentage of germ-line chimeras (~1.1%). In contrast, incubation of 34 cryopreserved sample for 16 h followed by transplantation of the GFP-positive blastomeres 35 improved the hatching rate to 90%, and successfully produced presumable germ-line chimeras at 36 a rate of 16.5%. The improved survival rates and germ-line chimerism may be an effective 37 method for gene banking and subsequent reconstitution of endangered fish genotypes. Liquid nitrogen cryopreservation is effective for long-term gene banking, but is only 49 applicable for sperm preservation in most species. Cryopreserved sperm is useful for breeding 50 programs and maintenance of genetic diversity, but the reconstitution of already extinct fish 51 using cryopreserved sperm is difficult at present because sperm gives rise to inviable haploid 52 progeny after induced androgenesis. Moreover, maternally inherited genotypes and cytoplasmic 53 mitochondrial DNA are not preserved by sperm cryopreservation and thus never restored by 54
androgenesis. 55
The loach (Misgurnus anguillicaudatus) is a fish widely distributed in Japan, and the 56 species includes rare genotypes including natural diploid clones and polyploids (Arai, 2001 (Arai, , 57 2003 . Previously, we cryopreserved loach sperm (Yasui et al., 2008 (Yasui et al., , 2009 ) and reconstituted 58 viable progeny by combining cryopreserved diploid sperm and artificially-induced androgenesis 59 (Yasui et al., 2010) . However, the resultant androgenotes exhibited low survival rates and were 60 predominantly males due to unknown mechanisms (Fujimoto et al., 2010a). These androgenotes 61 result presumably in reduced genetic diversity. 62
Technologies to produce germ-line chimeras were developed recently in loach 63 (Nakagawa et al., 2002) by transplantation of primordial germ cells (PGC) 64 Fujimoto et al., 2006 64 Fujimoto et al., , 2010b . Targeted genotypes may be reconstituted by this method because 65 the host should produce donor gametes in the germ-line chimeras . In a 66 similar manner, cryopreservation of blastomeres followed by production of germ-line chimeras is 67 considered a useful repository strategy. In the present study, we established a protocol for 68 cryopreservation of blastomeres and subsequent production of germ-line chimeras in the loach. 69
70

MATERIALS AND METHODS 71 72
Embryo Management and Isolation of Blastomeres 73 74
This study was carried out in accordance with the Guide for the Care and Use of 75 Laboratory Animals in Hokkaido University. Induced maturation of broodstock, dechorionation 76 of eggs, and incubation of embryos followed procedures reported in previous studies (Fujimoto 77 et al., 2004 (Fujimoto 77 et al., , 2007 . Briefly, final maturation was induced with a single dose of hCG followed by 78 gamete collection after 12 h at 27°C. Fertilization was achieved by the dry method in a Petri dish 79 covered by a plastic film. Five min after fertilization, the water was removed from the dish and 80 the remaining adhered eggs were fully covered by dechorionation medium (0.1% trypsin and 81 0.4% urea in Ringer's solution -7.5 g/L NaCl, 0.2 g/L KCl, and 0.2 g/L CaCl 2 , Yamaha et al., 82 1986 ). The dechorionated eggs were transferred to an agar-plated Petri dish filled with culture 83 medium (Ringer solution with 1.6% albumen, 100 µg/mL streptomycin and 100 IU penicillin, 84 Japan) previously cooled at 5°C. As we used many treatments to optimize blastomere 102 cryopreservation, the straw volume was reduced to 130 µL by cutting, in order to reduce 103 blastomere usage, but for transpantation procedures, we used the whole straw (250 µL). 104
The samples were frozen using the following freezing procedure: hold at 5°C for 5 min 105 followed by cooling at -0.75°C/min until -40°C and then directly plunging into liquid nitrogen 106 Blastomere cryopreservation without DMSO resulted in a post-thaw viability of 1.8 ± 0.8%. The 197 DMSO additions at 5, 10, 15, and 20% improved the post-thaw viability to 31.1 ± 13.7%, 44.1 ± 198 11.5%, 32.0 ± 5.8, and 36.9 ± 12.9%, respectively. These results are lower when compared to 199 control unfrozen samples (95.1 ± 1.5%, P < 0.0001). Based on these results, DMSO 200 concentration at 10% was selected for further cryopreservation experiments. 201
Glycerol supplementation significantly decreased (P < 0.0001) the post-thaw viability 202 ( Figure 3 ). In the absence of glycerol, post-thaw viability was 34.4 ± 12.5%. Addition of glycerol 203 at 1, 2, and 4% to the cryo-solution reduced post-thaw viability to 26.5 ± 5.5%, 11.7 ± 4.6%, and 204 4.7 ± 1.2%, respectively. By comparison to fresh controls, cryopreservation reduced (P < 205 0.0001) viability. 206
The addition of external cryoprotectants did not significantly improve post-thaw viability 207 when compared to control (cryopreserved with 10% DMSO) ( Figure 4 ). Post-thaw viability after 208 addition of external cryoprotectants ranged from 60.9 ± 2.3% (sucrose at 1%) to 67.0 ± 2.1% 209 (FBS at 10%). These data did not significantly differ from control (65.1 ± 0.6%, P < 0.0531), in 210 which the blastomeres were cryopreserved without any external cryoprotectants. However, post-211 thaw samples presented decreased viability when compared with control (fresh), in which the 212 viability was 96.8 ± 0.8%. 213
214
Production of Germ-Line Chimeras 215 216
Transplantation of blastomeres immediately after thawing gave very low survival rates, 217 and most of the embryos died before gastrulation (Table 1 ). The number of germ-line chimeras 218 also was very low (3 of 264 or 1.1%). Intact and dechorionated groups produced hatching rates 219 about 70%, in which ~3% were abnormal. 220
Incubation of cryopreserved blastomeres for 16 h at 20°C prior to transplantation 221
improved hatching rates (~90%) and the percentage of chimeras (16%; Table 2 ). Intact and 222 dechorionated treatments gave hatching rates around 80% with 5% abnormal embryos. 223
Chimerism was confirmed in vivo by observation of host and donor PGC ( Figure 5 ). Some donor 224 PGC exhibited different migration routes than host PGC ( Figures 5C and 5E ). However, at 225 hatching stages, donor and host PGC were localized to the genital area. Donor PGC migration 226 was confirmed by histological detection of biotin-streptavidin-horseradish peroxidase at 4 d post 227 transplantation ( Figures 5G and 5H) . production of chimeras may be facilitated when using closely-related species as hosts. In our 284 case, in order to establish a protocol of production of germ-line chimeras using cryopreserved 285 blastomeres, we performed intra-specific transplantation and the PGC were able to migrate and 286 colonize to the genital ridges. This result suggested that our procedure may be effective for 287 gamete production from donor PGC derived from cryopreserved blastomeres of loach. 288
In conclusion, we defined an effective protocol for cryopreservation of loach blastomeres. 289
We also developed an improved method to produce germ-line chimeras from the cryopreserved 290 
